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Introduction
Over the past decade, ischaemic heart disease (IHD) and stroke have remained the top two causes of death, accounting for a combined mortality of 15.2 million individuals globally in 2016. 1 Due to advances in treatment and specialised care, the incidence and mortality rates for both cardiovascular disease (CVD) and stroke have shown a decline over the past two decades, especially in the elderly; however, prevalence and morbidity rates have risen. 2, 3 Ageing is a key risk factor for CVD and stroke. 4 Cardiac and stroke conditions commonly coexist due to an overlap of shared cardiovascular risk factors such as diabetes mellitus, hypertension, obesity, alcohol abuse, hypercholesterolemia and smoking. Exposure to these risk factors may lead to processes such as remodelling, coronary artery disease, or thrombus formation which ultimately may lead to stroke and cardiac conditions (Figure 1) . [5] [6] [7] The combination of both conditions is associated with poorer clinical outcomes compared to patients with stroke or a cardiac condition alone.
As an example, hypertension is the most predominant cardiovascular risk factor for stroke, with a prevalence of 30% in developed nations. Hypertension relates to a continuous increased blood pressure in the arteries, causing damage to the cardiovascular system. Consequently, it leads to coronary artery disease which may be result in a cardiac or cerebrovascular event Hypertension is associated with both ischaemic and haemorrhagic stroke 8 and the elderly population is more exposed to hypertension. 9 Moreover, hypertension also promotes whitematter lesions, leading to silent brain infarctions which may cause functional and cognitive deficits. 10 Heart failure (HF) is also considered an established risk factor for cerebral embolism due to the high risk of thromboembolic complications and increased activity of procoagulant factors. HF is associated with up to a three-fold increased risk of ischemic stroke and up to a 1.8-fold increased risk of all stroke subtypes in comparison with the general population. 5 To illustrate, a large Danish study identified up to 16% of HF patients with a history of stroke. 11 Finally, atrial fibrillation (AF) is significantly associated with the occurrence of thromboembolic stroke. Framingham data demonstrated a five-fold increased risk of stroke in AF patients compared to those without AF and up to 25% of all ischemic strokes are associated with AF. Moreover, AF-related thromboembolic/ischemic strokes are considered more severe, more disabling and more often fatal. 4 These examples highlight the necessity of healthcare professionals who are caring for patients with cardiac conditions to have significant knowledge about strokes. This includes knowledge about prevention and treatment, but also about the consequences and potential impact of suffering a stroke on the patient's life. Individuals afflicted by stroke may suffer from a range of sequelae, with significant potential for impact on the management of their cardiac condition.
A recent position statement from the European Society of Cardiology (ESC)
Council on Stroke described stroke as "a vascular disease with cerebral consequences, where the heart is a key player" (p. 1567). The document emphasises the role of the cardiologist in the prevention and treatment of stroke and concludes that a multidisciplinary approach is necessary to decrease the risk of stroke and to improve outcomes in stroke survivors. 8 Multidisciplinary approaches are crucial; however, the question remains as to how to appropriately and effectively adapt cardiac care to stroke patients. Practice guidelines seldom address specific issues, focusing on living with the long-term consequences of chronic conditions such as stroke combined with cardiac disease. Patients with a history of stroke are likely to experience serious consequences that impact upon self-care maintenance and pose exacerbated challenges for cardiac-stroke survivors and their caregivers. To contribute to the optimisation of management of these complex and chronic conditions, we aim to describe the specific needs of cardiac patients with a history of stroke (cardiac-stroke patients) and identify current gaps in knowledge and care delivery.
This state-of-the-art review aims to: 1) outline the significance of primary stroke prevention in cardiac patients, 2) highlight specific daily life challenges for this patient group and their caregivers, 3) examine the need for structured, personalised follow-up care, and 4) describe potential implications for practice. In gathering evidence, this paper includes publications and reports with a variety of research designs, including randomised controlled trials (RCT), cross-sectional studies, and systematic reviews, as well as current practice guidelines.
Primary stroke prevention in patients with cardiac conditions
Strategies for preventing stroke are of great importance and range from reducing the risk of the emergence of stroke to preventing recurrences. The majority of cardiovascular risk factors are modifiable. It is significant that cardiovascular risk factors have been estimated to cause over 90% of stroke burden. 12 Both cardiac conditions and stroke are primary contributors to a worse prognosis and quality of life (QoL), enhanced by their coexistence.
Professional clinical guidelines address the consequences of stroke for medical treatment. As such, the ESC guidelines for the diagnosis and treatment of acute and chronic HF state that the management of high-risk stroke patients may require balancing the risk of anticoagulant and antiplatelet therapies. 13 Similarly, the ESC guidelines for the management of AF 4 provide specific recommendations for medical treatment, with a particular focus on primary prevention of thromboembolic complications in patients with AF. It is recommended to use a risk stratification scheme, such as the CHA 2 DS 2 -VASc score, to predict the annual risk of stroke in these patients and to determine whether treatment with anticoagulation is warranted. CHA 2 DS 2 -VASc is an acronym referring to congestive HF, hypertension, Age ≥ 75 years, diabetes mellitus, prior stroke or transient ischaemic attack (TIA) or thromboembolism, vascular disease, age 65-74 years, and sex category (female gender), Table 2 . It should be determined whether these conditions are present in the patient, adding 1 or 2 points per condition. Following the score calculation, it is then recommended that oral anticoagulation (OAC) therapy should be prescribed in men with a score ≥2 and women with a score ≥3.
Treatment with OAC should also be considered in those patients with slightly elevated scores (i.e. men with a score ≥1 and women with a score ≥2). OAC treatment can either be with a vitamin K antagonist (Warfarin/Acenocoumarol), which requires International Normalised Ratio (INR) monitoring. An alternative is through the administration of a NOAC (Non-vitamin K Antagonist Oral Anticoagulant), such as Dabigatran, Apixaban, Rivaroxaban, or Edoxaban.
Effective treatment of hypertension is known to substantially decrease the incidence of stroke. 14, 15 Research has demonstrated that, for each 20 mmHg systolic and 10 mmHg diastolic rise in circulatory strains, mortality resulting from stroke and ischemic illness increases twofold. On the other hand, it has been calculated that a 10 mmHg decrease in systolic pressure and a 5 mmHg decrease in diastolic pressure may prompt a 40% reduction in the risk of death caused by stroke. 16 Therapeutic blood-pressure management in stroke survivors includes the acute stroke phase and the subsequent post-stroke phase. In acute ischaemic stroke, higher than normal blood pressure is accepted if not pursued in order to achieve sufficient intracranial perfusion pressure. During the post-stroke phase, it is not suggested to undergo pharmacological treatment until systolic pressures increase to more than 140 mmHg as well as diastolic increases to over 90 mmHg brain perfusion. The American Hypertension Guidelines 17 specifically address blood-pressure management in adults with cerebral vascular disease/stroke. Hypertension management recommendations require the recognition of stroke acuity, stroke type, and therapeutic objectives, along with tailored antihypertensive medication and patient care that follows a structured, team-based approach.
Potential daily life challenges for cardiac-stroke patients
A chronic condition or a disabling event, such as a stroke, may significantly impact upon a patient's life, especially in terms of the coping and adaptation abilities of both patient and caregiver. In this section, the physical, cognitive and psychosocial challenges of having a cardiac condition and stroke will be outlined, as well as the impact of lifestyle modification and adherence to treatment regimen.
Challenges to physical functioning
Challenge: The number and severity of comorbidities may increase the physical disability burden on patients.
Relationship with outcomes: Stroke can result in mobility limitations that night impact on the ability to attend cardiac rehabilitation programs (transportation issues) as well as participation in certain exercises. 18 Moreover, multi-morbidity, which is highly prevalent in the majority of cardiac-stroke survivors in comparison to cardiac patients without stroke, may further complicate these processes. Limitations in mobility may also pose specific problems for symptom monitoring, such as identifying oedema or shortness of breath during exercise/activity. Regular weighing might be challenging due to balance or eyesight problems as a result of stroke. Patients may suffer from eating disorders post-stroke (e.g. affected appetite as a result of sensory changes) which might have consequences for maintaining optimal nutritional status. Dysphagia is a common symptom in stroke patients and a potential risk factor for malnutrition, 19 which is also independently associated with dysphagia. 20
Challenges to cognitive functioning
Challenge: Stroke is strongly associated with cognitive decline. In young ischaemic stroke patients (median age at index event 43), mental slowness was found to be present even up to 10 years after the event. Such cognitive deficits have been shown to have consequences for education and counselling even after long-term follow-up. 21 In cardiac-stroke patients, the risk of cognitive impairment is even more elevated; about 80% of the stroke population struggles with memory and concentration problems, as well as problems with executive functions such as planning and problem-solving. 22 Long-term cognitive outcomes for stroke patients show a decline in most cognitive domains in comparison to a non-stroke population. Significantly, up to 50% of patients were reported to have below-average performance or cognitive impairment, with deficits across processing speed, working memory and attention being most common, up to 11 years after their ischaemic stroke. 23 Relationship with outcomes: Providing lifestyle education and instruction, as well as structured follow-up for cardiac-stroke patients is crucial. Engagement with patients to investigate their needs, inclusive of illness beliefs, values and preferences, has the potential to improve lifestyle management and adherence to therapeutic regimen. 24 A study of patients with HF showed that those with mild cognitive impairment had significantly lower self-care management and selfconfidence scores, which may impede a patient's ability to make appropriate self-care decisions. 25
Challenges to psychosocial functioning
Challenge: Stroke and cardiac disease may cause significant worsening of QoL. Post stroke depression (PSD) is common. The underlying mechanisms of PSD can be related to coping with the consequences of stroke or with other processes such as inflammatory processes, genetic and epigenetic variations, white-matter disease, cerebrovascular deregulation, altered neuroplasticity, and changes in glutamate neurotransmission treatments. 26 Alongside PSD, post-stroke fatigue (PSF) is a common problem among stroke survivors. Not surprisingly, cardiac and stroke patients rely heavily on support from their caregivers. 27 Even though social support has been associated with lower levels of depression and better QoL 28 , it may add substantially to caregiver burden. For example, spouses of stroke survivors are reported to have low levels of QoL for up to seven years post-stroke onset, along with high levels of depressive symptoms (40%) and anxiety symptoms (21%). 29 Relationship with outcomes: Coping strategies and HRQoL are important outcome measures during the rehabilitative phase. 6, 30 Awareness of the signs and symptoms of both PSD and PSF is crucial for the treatment and recovery phase. Patients may experience overwhelming feelings of fatigue (i.e. tiredness and lack of energy), 31 which may impair their ability to regain lost functions 32 and may potentially lead to negative long-term outcomes.
Similarly, PSD mainly manifests as sadness, a reduction in interest and pleasure, and multiple psychological and vegetative symptoms. 33 It afflicts 20-65% of these patients, depending on the population, the assessment measures, and the definition of depression. 34 Research has demonstrated that those patients who experience PSD, the most common psychological sequel of stroke, benefit the least from rehabilitation, have the poorest QoL and a substantially increased risk of suicide. 35 Similarly, negative emotional states such as depression and anxiety are highly prevalent in patients diagnosed with a cardiac condition and result in worse outcomes, e.g.
poorer QoL and increased morbidity and mortality. [36] [37] [38] In those with established cardiac conditions, frequently reported prevalence rates of depression are around 40%, 39, 40 with some large-scale trials reporting over 60%. 41, 42 As with stroke, factors impacting upon poorer prognosis of cardiac patients suffering from depression and anxiety are multifactorial and include lifestyle, behavioural (e.g. smoking, physical inactivity, and obesity) and biological (e.g. elevated cortisol levels, and markers of inflammation). 36 Depression in cardiac patients is also a predictor of poor disease management and medication adherence. 43, 44 Consequently, negative patient outcomes (e.g. low QoL, depression, morbidity and mortality rates) are magnified in cardiac-stroke patients.
The disability level of stroke survivors has also been shown to effect the QoL of their spouses, which is likely caused by a combination of cognitive, physical and emotional factors. 45 Caring for stroke survivors places considerable social, psychological, physical and financial strains on informal caregivers. These strains are known to fluctuate depending on the duration of the stroke, stroke survivor/caregiver intimacy, and length of daily caregiving. 46 Additionally, such strains are exacerbated as the stroke survivor ages, often due to mounting cardiac conditions that require further lifestyle modifications.
Challenges to lifestyle modifications and adherence to treatment
Challenge: Most cardiac-stroke patients have a lifelong medication regimen and, notably, most medications require punctual intake (e.g. NOACs due to their short half-life). Importantly, patients should be empowered to pursue an active role in their care processes, which ultimately includes informed or shared decision-making. Patient education includes management of the condition, with a focus on high blood pressure, smoking, obesity, diabetes, hypercholesterolemia and lack of physical exercise. Successful management of risk factors not only reduces the risk of future cardiovascular events 6 but has been shown to decrease the risk of cognitive deterioration as well. 47, 48 Thus, active participation in self-care and rehabilitation is key to the recovery process. However, barriers for participation in rehabilitation of patients post-stroke exist and may include transportation issues, lack of interest and desiring a break from therapy. Also, patients may have severe cognitive deficits which would make them ineligible for participation. 49 These factors should be considered prior commencing cardiac rehabilitation and also in the patient education and support for these patients.
Relationship with outcomes: Given the coexistence of multiple chronic conditions, treatment complexity is augmented and, with a diversity of healthcare professionals involved in the care of a patient, the risk of fragmented care is substantial. In addition, multiple hospital or rehabilitation visits may be difficult for patients with physical limitations or a poor caregiver network, which might have consequences for optimal treatment and follow-up.
Structured, personalised care for the cardiac-stroke patient
In cardiac-stroke patients, aims for treatment and care may need to be adapted to both chronic conditions. As such, ESC guidelines for the management of AF recommend a comprehensive treatment approach, including the management of arrhythmia, the modification of cardiovascular risk factors and the prevention of thromboembolic complications such as TIA or stroke. Applying such an integrated model, involving a multidisciplinary team and following a person-centred approach, would result in significant patient benefits in terms of improved QoL and life expectancy. 4 Examples of these approaches have been utilised and tested, or at least recommended, in the fields of stroke, 27 HF, 50 arrhythmia, 51 and anticoagulation management. 52 Within a multidisciplinary team approach the role of nurses and allied professionals is crucial. They are well placed to engage with the patient to identify needs and preferences, as well as to provide tailored education and coordination of care. At the same time, primary care and community healthcare interventions that focus on improving active follow-up and information provision to patients and caregivers, especially during the first year after stroke, could help improve patient self-management, increase stroke-specific health literacy and subsequently mitigate the current perceptions of abandonment felt by many stroke survivors and their caregivers. 53 Disease management varies between countries, but is generally a combination of medical treatment and rehabilitation with a focus on physical activity, healthy lifestyle, selfcare education and strategies for psychosocial support, provided by a multidisciplinary team.
Stroke may pose major consequences for the daily lives of cardiac patients and their families.
Cardiac patients are often expected to pursue an active role in their own recovery and rehabilitation, implying significant lifestyle changes. A previous stroke (or a stroke during the cardiac disease trajectory) is likely to complicate and place major restrictions on daily activities and self-care behaviours.
Self-care is defined as a process of maintaining health through health-promoting practices and comprises three components. 54 Self-care maintenance consists of behaviours utilised by patients to maintain physical and emotional stability; for example, reduce salt intake, take medication as prescribed, get a yearly flu shot, perform regular exercise, and maintain a healthy weight, particularly in HF patients. However, education on specific behaviours to help self-manage their condition and the associated risk factors, such as high blood pressure, diabetes, obesity and smoking, amongst others, is crucial. Cardiac rehabilitation, secondary prevention programmes or education programmes for cardiac patients address these specific behaviours, preferably using a person-centred approach. Adapting to required lifestyle patterns for both stroke and cardiac patients includes eating a healthy diet, engaging in aerobic activity, weight loss, restricting alcohol intake and stopping smoking. 15, 55 Self-care monitoring is the process of observing oneself for changes in signs and symptoms. In general, most cardiac patients are advised to monitor signs and symptoms of deterioration such as increased weight or oedema, recurrent chest pain in CAD patients, episodes of arrhythmia, or shortness of breath with activity. Patients can also self-monitor their blood pressure and heart rate, and be educated to recognise symptoms of a new thromboembolic or bleeding event (e.g. stroke, TIA).
Self-care management refers to the evaluation of changes in physical and emotional factors in order to determine whether adjustment may be required. This refers to the patient's ability to adapt their self-care to changes in signs and symptoms related to the condition, or the development of new ones, as well as to evaluate the effectiveness (including unintentional side effects) of the treatment. Interpretation and decision-making are therefore considered important aspects of self-care management. Table 1 summarises crucial self-care aspects for cardiac-stroke patients.
Implications for practice
There is a paucity of literature on specific interventions for cardiac-stroke patients; trials often report on clinical outcomes such as hospitalisation and mortality, whilst patient-reported outcomes are scarce. However, the following recommendations have been extrapolated from the literature.
Cardiac rehabilitation, risk-factor management and lifestyle modification
Attending cardiac rehabilitation or secondary prevention programmes after a cardiac event is effective in decreasing mortality and morbidity rates, and improving QoL. 56 Cardiac rehabilitation is a set of actions that are aimed at eliminating or minimising the impact of cardiac disease and related disabilities. 7 Cardiac rehabilitation programs may differ but generally focus on reducing risk factors through lifestyle/behavioural modification, as well as improving exercise capacity and medication adherence. 56 However, there are a number of barriers influencing referral to such programmes, and attendance rates are suboptimal. 57 Additionally, cardiac rehabilitation programmes may need to be redesigned for cardiac-stroke survivors, facilitated by close collaboration between healthcare providers from different rehabilitation areas (e.g. neurology and cardiology), and might require a paradigm change. 56 Tailored self-care education, structured follow-up and multidisciplinary care
Recommendations on lifestyle modification, or adherence to the therapeutic regimen addressing both cardiac disease and stroke, might be a challenge for patients and their families. Person-centred education on therapeutic regimens should be tailored to cognitive abilities and should cover the need for such medication and that the requirements of strict adherence are crucial. 58 The recent European Heart Rhythm Association Practical Guide to NOACs in patients with AF 52 that emphasises the unique considerations posed by cognitive impairment to consent and adherence. This practical guide provides examples of once-daily medications, weekly tablet boxes, blister packing, reminders, or that others take care of providing the tablets as helpful tools 52 , while electronic monitoring should be studied further. 13, 59 Spouses and/or caregivers should be involved to support the patient's adherence. Structured follow-up in an appropriate setting (i.e. primary care practice, secondary care services) may contribute to improved treatment adherence and the prevention of non-persistence. At the same time, the treatment effects and side effects (e.g. bleeding, dizziness) of medication can be assessed. 52 Given that the care for cardiac-stroke patients is complex, the question raises whether it is feasible for one single health care professional to deliver the care. Multidisciplinary care as part of novel care approaches is recommended by guidelines 4, 13 with crucial roles for nurses and allied professionals in terms of patient education, counselling and coordination of care. Importantly, considering a patient-centred approach requires active patient involvement in the care process with the patient being 'a member of the treatment team'.
Screening for comorbidities such as depression and cognitive problems is part of the multidisciplinary comprehensive approach. Randomised controlled trials for the prevention (PSD) have shown that antidepressants significantly decrease the incidence of PSD compared with placebo. Early antidepressant treatment of PSD appears to enhance both physical and cognitive recovery from stroke and might increase survival by up to 10 years following stroke. 60 Assessment of cognitive functioning is also vital for the cardiac-stroke patient prior to In addition to these interventions there are several eHealth applications for patients and health care providers to support in understanding risk factors or help with selfcare. One example is the Stroke Riskometer application, where the user (i.e. patient or health care professional) can provide an indication on the risk of stroke and also compare the risk of having a stroke against persons of the same age and gender, but without risk factors (a new paradigm for primary prevention). 61 It has been shown that the use of mobile applications has been effective in a stroke-affected population with obesity-related vascular risk factors who may otherwise be lost to physician follow-up. Using mobile applications is feasible for improving obesity management, health behaviour and adherence. 62 Referring patients to use appropriate e-Health tools should be promoted as a relevant part of their education. However, health care professionals need to ensure the quality of the tools and appropriate time for instruction and feedback is available. 63 The development of such tools and applications demonstrates the important value and evolution of integrating digital technology into clinical practice to support the empowerment of patients, with the primary goal of improving patient outcomes. However, e-Health applications are often very disease-specific and not always adapted to co-morbidity. Healthcare providers caring for cardiac-stroke patients can be instrumental in selecting suitable eHealth tools, with regard to both content and ease of use.
Involving and supporting the caregiver Caregivers of cardiac-stroke patients are uniquely placed because they too have experienced sudden loss, grief -and often guilt. The caregiver role is one that is full of complexity because relationship roles are often reversed and unexpected challenges (e.g. mental, physical, financial) are experienced and may burden the caregiver, especially in the first 9 months of caregiving. 64 It is therefore very important to emphasise the empowerment of spouses in their caregiver role, i.e. acting as enablers for spouses' health and wellbeing through personcentred care. 65 Furthermore, highly strained caregivers may benefit from effective caregiver support programmes, which have been shown to be effective for spouses experiencing highly stressful caregiving. 66 It is also important for informal caregivers to be involved in the rehabilitation plan for cardiac-stroke patients, with the inclusion of adequate attention to their own wellbeing. 46
Conclusion
Patients who have suffered both cardiac disease and stroke often face complicated challenges that might not always be fully recognised by healthcare providers working in cardiology and neurology. Cardiac-stroke patients have worse mental and physical outcomes and prognoses; however, the current healthcare approach focuses on the two separate conditions. Given the increasing healthcare demands of cardiac-stroke patients, personalised interdisciplinary and integrated care models are necessary. Due to the specific needs and vulnerabilities of the cardiac-stroke population, comprehensive care and support should also be offered to caregivers, because they are an indispensable link in the care chain. We recommend that cardiac rehabilitation and secondary prevention, including risk-factor management, lifestyle modification and social support, should be provided to all cardiac-stroke survivors, and should be tailored to the individual patient's abilities, values and requirements. Figure 1 
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